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i- ĵ̂ ^R ' « l « s r

*SS

M W - 1 3

" . ; : - ; - - i : ? : - f l r " ; ' : * * / * - : * ' : * ; . ^ ' 'm',-: A - * > • * : > : : . - - : : ' - ' i v . , ; ; - - - - . . ^ .-jr. 4 : ; * . . - i - « , - . .
"- ^^'':^i^^'}^"^?^^^^'^'^-^^^-^-^'^. ?';'\?.^***£\*'.&':''*~^?%£&£P%'*~-#^^^^ ^it-it'^M, i^^'v*,*.-*":"*-::*1"-":?^:*::^'..•.;»"••;;;. . «V^. "ii.-. «.;*..-;.^;'|.;;T^^-;|;X^J%^^?|^
?:^^i^1§f t^?;;^:^^T::^^^]*I'^ V '^ ' * [ * ' ' 4 : - ^ > ' - ^ ' - ' ^ ; - - * i ' * ' ; ^ : ' i * - K ^ / i " ' w ; " ^ ^ l : ^ > ;

1 4 1 . * ^
^\^-"^:^^^'^;:;:*:''^^^^^ - : - i . : ' ' - : ' ; . " - i ; ^ ^ - ^ r i - ^ - v - * ^ : ^ ' : > ' ; ? : ' i i : i - ' > ; ^ ; r ' " ^ : ^ ^ ^ . ^ ! > ^
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F l o w H i s t o g r a m J a n u a r y 1997: M W - 1
0rn3 j

base of a l l u v i u m
top of shale bedrock

open hole

screened interval •
L i t h o l o g y and c o m p l e t i o n data f romC o l o r a d o Divi s ion of M i n e r a l s andG e o l o g y W e l l Logs

— 0 —

— 10 —

— 20 —

F l o w
-0.2 Down Gal/Min Up 0.2

— water level @ 11.65' bgs

_30 _ . ; no vertical f l o w i

— 40-1

T
en\j\j

— 60 —

down f l o w 0.08 gpm
Total Depth 50.0' bgs

.

F l o w4 — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — »-0.2 Down Gal/Min Up 0.2
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F l o w H i s t o g r a m J a n u a r y 1997: MW-3
amT J
X

base of a l l u v i u m
top of s ha l e bedrock

screened interval •
L i t h o l o g y and c o m p l e t i o n data f r o mC o l o r a d o Divi s ion of M i n e r a l s andG e o l o g y W e l l Log s

— 0 —

— 10 —

— 20-1

— 30 —

t
— 40 —

J
— 60 —

F l o w4 —————————————————————————————————————— *•-0.2 Down Gal/Min Up 0.2

— : water level @ 14.99' bgs
., ...,j^ , o u t f l o w;;.; ; ;. i. ;

. . . . . . . . . . . . . . . ; . . ; . . . . . . . , . . ... .. . ... . ... .. ... ..

up f l o w 0.03 gpm

• i n f l o w :; " ; ; -
: T o t a l D e p t h 55.0' bgs

: I . i . .1 . \ . ; . . . . ; . . ; . . . ; .

^ J f l i U ! : .

F l o w« — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — ̂-0.2 Down Gal/Min Up 0.2
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F l o w H i s t o g r a m J a n u a r y 1997: M W - 8
om

base of a l l u v i u m
top of s h a l e bedrock

screened interval I
L i t h o l o g y and c o m p l e t i o n data f r o mC o l o r a d o Divi s ion of M i n e r a l s andG e o l o g y W e l l Logs

— 0 —

— 10 —

on •

— 30 —

— 40-1

— 50 —

—60 —

F l o w
-0.2 Down Gal/Min Up 0.2

— ••• water level @ 12.13' bgs

f r ^ O U t f l O W :: : ; : ; : : ; ; '
up f l o w 0.03 gpm

IL £ : : : :
: Total D e p t h 46.0' bgs

^ • ; h b ; H : l l ;

F l o w
" -0.2 Down Gal/Min Up 0.2̂
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I I I I I I I I I t I

CM

-120

-125

-130 -

-135 -

J a n u a r y 1997 Oro Shaf t S t a b l e I s o t o p e Data
March 1996 M i n e , Ground and F r e n c h Creek Water S t a b l e I s o t o p e Data

0 -140 -
Q

-145 -

-150

-155 -
CDS

-160

G r o u p #2 ( F r e n c h C r e e k / G r o u n d w a t e r )
F G - 7.: /*

FC@CB S B R F - 3
MW-3

M W - 1 6
W T L 0 2 * * * F G - 6 C

M S R W - 3 G r o u p #1 ( m i n e water)
ORO-245 ORO-116

O R O - 1 8 6 & 2 8 8

I I I I I I I I I I I I I I I I I I I
-21.0 -20.8 -20.6 -20.4 -20.2 -20.0 -19.8 -19.6 -19.4 -19.2 -19.0 -18.8 -18.6 -18.4 -18.2 -18.0 -17.8 -17.6 -17.4 -17.2 -17.0
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J a n u a r y 1997 Oro Shaf t S t a b e I s o t o p e Data
March 1997 Snow, M i n e , Ground and F r e n c h Creek Water I s o t o p e Data

-125 -
-130 -
-135 -
-140 -
-145 -CM
-150 -

<D -155 -
-160 -
-165 -
-170 -
-175 -
-180 -
-185 -
-190

-2A

G r o u p #2 (

G r o u p #1 (mine water)

Oro-116
Oro-245+ +OrOro-288

+ M W - 9 S n o w

+ FG-1 Snow

rrench C r e e k / G r o u n d w a t e r

+M W - 1 6

0-186
+ KDS

i i i i i i i i i i
kO -23.5 -23.0 -22.5 -22.0 -21.5 -21.0 -20.5 -20.0 -19.5 -19.0 -18.5

Del 180

^̂

MW-3+
M W -

F G - 6

MW-9
+ FC(c

+ + F G - 8F G - 7
J C B

1 4 SBRF3C

I I
-18.0 -17.5

i

-17 ' . 0
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D I S C H A R G E S T O
F R E N C H C R E E K
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DowngradientWestern Portion Mine Workings
M S R W - 3 # 3 S H A F T ,

N E
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Summary o f H y d r o p h y s i c a l Logs F o r Ambient F l o wCharac t e r i za t i on ,I n j e c t i o n at 523 Fee t bgs, Oro M i n e S h a f t
4500

450-
4600I 4700 4800 4900i 5000

-450

455-

460-

465-

470-

475-

480-

485-

490-

495 :

/
|_500-
I !

505-:

510-

515-

520-

525-

530-

535-

540-

545-

550-

FEC0919
FEC0925
FEC0931
FEC0936
FEC0941
FEC0946
FEC0954
FEC0960
FEC1023

:455

-460

-465

'-470

-475

-480

7485

'-A9Q

-495

-500

-515

7520

~525

-530

-535

-540

-545

-550
4500 4600 4700 4800

Fluid Electrical Conductivity diSA
4900 5000

oroavfc.dg4
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Oro M i n e Shaf tP r e - l n j e c t i o n F l u i d Elec tr i ca l C o n d u c t i v i t y ( F E C ) a n d T e m p e r a t u r e Survey
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F r e n c h G u l c h S t a b l e I s o t o p e Data:
1996, 1997, and 1998

- I£.V

-125
-130 -
-135
-140
-145 -
-150 -
-155

Q -1«>-
•3 - 1 6 5 -
0 -170-

-175
-180
-185
-190
-195 -
-200
-205 -
_9in -

F r e n c h C r e e k / G r o u n d w a t e r*̂
XX

M i n e W a t e r — ^ • '- 4*

. . • • • • X. ; . •. ' A
Snow melt

. A

» •:••'•
I : . . . _ _ _ _ _ I I

*_• J"7±* •
X

I . ,., ., ... — — — — — — .. — I............ — — — — — — —

-28.0 -26.0 -24.0 -22.0
Del O1 8

-20.0 -18.0
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-130

-135

Q75 -140

Q

-145

-150

F G - 0
S N O W

-19.4 -19.2 -19.0

J u n e 1998
S t a b l e I s o t o p e Data

M i n e Water
H i g h F l o w

6/98
aORO-186
b ORO-444
D #3 M i n e

ORO-24§
a ORO-348

ORO-570

-18.8 -18.6
DelO-18

EXO-2
a

-18.4 -18.2 -18.0
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1 I I [ I I i i i i i [

-130

-135

-140

-145

-150 -——
-19.6

J a n u a r y 1997 and J u n e 1998
O r o S h a f t S t a b l e I s o t o p e Data

M i n e Water
Low F l o w

1/97

ORO-245
A

ORO-186
AORO-288

AORO-116

M i n e Water
H i g h F l o w

6/98

x ORO-186
v ORO-444
x#3 M i n e

ORO-348
x

ORO-570
x

ORO-245
x

-19.4 -19.2 -19.0 -18.8
DelO-18

-18.6 -18.4 -18.2
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-130

-135 -

Q
•jj -140
Q

-145

-150

1996 M i n e W a t e r
S t a b l e I s o t o p e Data

M i n e
Water

Low f l o w
3 / 2 0 / 9 6

MW-16 T F G - 6 C
. • .* *

M S R W - 3

M i n e
Water

H i g h f l o w
6 / 1 0 / 9 6i

M W - 1 6
M S R W - 3 MW-3

F G - 6 C

MW-3
•

3/20/96

-19 -18.9 -18.8 -18.7 -18.6 -18.5 -18.4
Del O-18

-18.3 -18.2 -18.1 -18
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1997 M i n e Water
S t a b l e I s o t o p e Data

-135

Qi -140Q

-145
•

MW-16 Mine WaterLow f l o w
3 / 1 3 / 9 7

M S R W - 3

MW
F G - 6 C „

• t v i W - i e
M S R W - 3 m

MW-3
3 / 1 3 / 9 7

3
M i n e W a t e r

H i g h f l o w
5 / 2 9 / 9 7

F G - 6 C
— — — — — — — — — — — — — — — — — 1 — — — — — — — — — — — — — — — — U - — — — — ; — — — — — — — — — — I — — — — — — — — ,,.,... .....__.J — — — — — — — — — — — — . . — — — 1 _ . • , ....1................ — — — — — — , , ....!.. ........ .„.._..__. — — — — — I — — — — ............ — — — — — — — 1 — — — — — — — — — — — — — —

-19 -18.9 -18.8 -18.7 -18.6 -18.5 -18.4
Del O-18

-18.3 -18.2 -18.1 -18
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F r e n c h G u l c h Snow M e l t
S t a b l e I s o t o p e Data

Q
"o>Q

- \£-\J

-125
-130
-1oo -
-140
-145
-150
-155 -
-160
-165
-170 -

1 / \J

-180
-185
-190
-195 -
-200
-205
-210

-26 *.o

A ' :

March Snow FQ-1

3/97
A . . ' . - • • ' - .

F G - 9
3/97

F G - 9
3/96^ . • .

— — — — — — — — — — — — — — I — — _ — — — — — — — — — : — — — — | — — — — : — — — — — — — — — — _ ) .
-26.0 -24.0 -22

r^ 1 /"\18

F G - O
M a y / J u n e Qigs

Snow
• :. •

F G - 1
PP Q 5/97
F G - 9
5/97

•

i
.0 -20.0

1

-18.0
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200 r

T o t a l Recoverable Z i n c
J a n u a r y 1997 O r o S h a f t & M i l ! T a i l i n g s

March 1996 and 1997 #3 M i n e & G r o u n d w a t e r

190

130 4
ORO-116 ORO-186 ORO-245 ORO-288 W T L 0 2 M W - 3 M S R W - 3 F G 6 C MW-3 M S R W - 3 F G 6 C

( 3 / 9 6 ) ( 3 / 9 6 ) ( 3 / 9 6 ) ( 3 / 9 7 ) ( 3 / 9 7 ) ( 3 / 9 7 )
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450

400 -

T o t a l Recoverable C a d m i u m
J a n u a r y 1997 O r o S h a f t & M i l l T a i l i n g s

March 1996 and 1997 #3 M i n e & G r o u n d w a t e r

ORO-116 ORO-186 ORO-245 ORO-288 W T L 0 2 MW-3 M S R W - 3 F G 6 C MW-3 M S R W - 3 FG6C
( 3 / 9 6 ) ( 3 / 9 6 ) ( 3 / 9 6 ) ( 3 / 9 7 ) ( 3 / 9 7 ) ( 3 / 9 7 )
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230

210

50

T o t a l Recoverable I r o n
J a n u a r y 1997 O r o S h a f t & M i l l T a i l i n g s

March 1996 and 1997 #3 M i n e & G r o u n d w a t e r

ORO-116 ORO-186 ORO-245 ORO-288 W T L 0 2 MW-3
( 3 / 9 6 )

M S R W - 3
( 3 / 9 6 )

F G 6 C
( 3 / 9 6 )

MW-3
( 3 / 9 7 )

M S R W - 3
( 3 / 9 7 )

F G 6 C
( 3 / 9 7 )
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T o t a l Recoverable Zinc
J u n e 1998 Oro & #3 M i n e S h a f t s

D)

OCN

210

200

190

180

170

160

150 - -

140

130
ORO-186 ( 6 / 9 / 9 8 ) ORO-245 ( 6 / 9 / 9 8 ) ORO-348 ( 6 / 9 / 9 8 ) ORO-444 ( 6 / 8 / 9 8 ) ORO-570 ( 6 / 8 / 9 8 ) #3 M i n e ( 6 / 8 / 9 8 )
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300

250

200 -
D)

£~oCO

150

100

50

0 J-

T o t a l Recoverable C a d m i u m
J u n e 1998 Oro & #3 M i n e S h a f t s

ORO-186 ( 6 / 9 / 9 8 ) ORO-245 ( 6 / 9 / 9 8 ) ORO-348 ( 6 / 9 / 9 8 ) ORO-444 ( 6 / 8 / 9 8 ) ORO-570 ( 6 / 8 / 9 8 ) #3 M i n e ( 6 / 8 / 9 8 )
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T o t a l Recoverable I r o n
J u n e 1998 Oro & #3 M i n e S h a f t s

200

180

20

0 -L-
ORO-186 ( 6 / 9 / 9 8 ) ORO-245 ( 6 / 9 / 9 8 ) ORO-348 ( 6 / 9 / 9 8 ) ORO-444 ( 6 / 8 / 9 8 ) ORO-570 ( 6 / 8 / 9 8 ) #3 M i n e ( 6 / 8 / 9 8 )
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Eh - PH Diagram

421
S

1.4

1.2

1.0

0.8

0.6

0.4

0.2

0.0

-0.2

-0.4

-0.6

0

o

8 10 12 14
pH
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0.25

0.2

0.15
O

JCLU 0.1

0.05

D e t a i l e d E h - p H P l o t
Oro Shaf t M i n e Pool

ORO-TOP
( 6 / 9 8 )

Black S q u a r e - J u n e 1 9 9 8 H i g h F l o w
Black X- J a n u a r y 1997 Low F l o w
ORO-116 {Oro M i n e Shaft 116 f e e t bgs)

ORO-TOP
( 1 / 9 7 )

ORO-116
x

ORO-186

ORO-116

ORO-288
ORO-348 "B X

ORO-186x X
° R ° - 5 7 ° » ORO-245

OR*0-444

H — — — — — — h

OF JO
-288
-245

4.2 4.4 4.6 4.8 5 5.2 5.4 5.6 5.8 6 6.2 6.4 6.6 6.8 7

P H
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10

9

8

7
I?"B) e-

CD 5•gI «-o
3

2

1

0 -

Disso lved C h l o r i d e
J a n u a r y 1997 O r o S h a f t & M i l l T a i l i n g s

March 1996 and 1997 #3 M i n e & G r o u n d w a t e r

I

—\
ORO ( 6 / 9 6 ) ORO ( 7 / 9 6 ) ORO-116 ORO-186 ORO-245 ORO-288 W T L 0 2 M S R W - 3 M S R W - 3

Prior t o L i C L I n j e c t i o n ( 1 / 9 7 > ( 1 / 9 7 ) ( 1 / 9 7 ) ( 1 / 9 7 > < 1 / 9 7 ) ( 3 / 9 6 ) ( 6 / 9 6 )
M S R W - 3

( 7 / 9 6 )
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J u n e 1998 Oro M i n e S h a f tA m b i e n t T e m p e r a t u r e a n d F l u i d El e c t r i ca l C o n d u c t i v i t y
( F E C )

Temperature ( ° C )
9 10 11 12 13 14 15

600
500 F l u i d t l e c t r i c a l Conductivity ( j i S f c m ) 3500 4000
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L E G E N D
— * • T E X T

U U P T H R O W N F A U L T B L O C K
D D O W N T H R O W N F A U L T BLOCK

— 5 8 ° D I P O F F A U L T
J 5 2 M I N E S T O P E
H I L O W F L O W D I S C H A R G E A R E A
[ H I H I G H F L O W D I S C H A R G E A R E A
. j j r M I N E & G R O U N D W A T E RD I R E C T I O N O F F L O W

S C H E M A T I C BLOCK D I A G R A MW E L L I N G T O N - O R O ( W - O ) M I N E W O R K I N G S
N O T T O S C A L EE L E V A T I O N I N F E E T ABOVE M E A N S E A L E V E LM I N E E L E V A T I O N S A F T E R L O V E R I N G ( 1 9 3 4 )

<&!%^T-<&v\ B E D R O C J K
- S S ?

i W O R K I f
10-U-8 M j J~10,05( I W A S T E R O C K

f l f rP L A N V I E W

9,959 FTORC

80q

-10,100 F T
( T O P O G R A P H I C S U R F A C EA B O V E M I N E W O R K I N G S )

N O R T H M I L LT A I L I N G S
.45°

A L L U V I A L V A L L E Y( Q A L )
f'.S.-:m

mm F O O T P R I N T O FR O A S T E R• F I N E S

9 , 9 6 2 '

sat

I N C R E A S E D M I N E W A T E R
DISCHARGE AREA -9,840 FT • S L O W

R I S I N G - M I N E POOLW A T E R L E V E L S
3,772 FT.

M I N E W A T E R D I S C H A R G E

_# 3 M I N E S H A F T

P R O L O N G E D P E A K W A T E RL E V E L S A N D E X T E N D E DD R A I N A G E P E R I O D A F T E RS P R I N G PLOW S U R G E - ?

M88"
5 S 1 F T ,

B U L L H I D g

S A T U R A T E !/ O R K I N G S l 9,€

9,-,470 F T .

, C R O S S S E C T * *

OROS H A F

11-10 F A U L T G R E A T N O R T H E R N
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S u r f a c e W a s t e W e l l i n g t o n - O r o M i n e a n d M i l l S i t e

F r o m U S B R , 1997b
1 inch = 77 f e e t
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S u r f a c e W a s t e X . 1 0 . U . 8 ( E x t e n u a t e ) Porta l S i t e

9 /I'mWZ^-

F r o m U S B R , 1997b
1 inch = 77 f e e t
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WL - Ground water T a b l e

Base of
Roaster.
F i n e s

Low
F l o w
WL

3 . 5 ' W R O ( 1 9 )
D e p t h

5 . 5 ' W R O ( 1 3 ) 1 0 . 5 ' W R O ( 1 5 )
s a m p l e l o c a t i o n s

1 5 . 5 ' W R O ( 2 4 )

F i g u r e 8-5a



350

Roaster F i n e s
T o t a l C a d m i u m C o n c e n t r a t i o n s wi th D e p t h

a f t e r B O R ( 1 9 9 7 a )

o - L -
3 . 5 ' W R O ( 1 9 )

D e p t h

W L - G r o u n d w a t e r T a b l e

H i g h
F l o w
WL Base-o f-

Roaster
F i n e s

Low
F l o w
WL

5 . 5 ' W R O ( 1 3 ) 1 0 . 5 ' W R O ( 1 5 )
s a m p l e l o c a t i o n s

1 5 . 5 ' W R O ( 2 4 )

F i g u r e 8-5b



600000 r -—

Roaster F i n e s
T o t a l I r o n C o n c e n t r a t i o n s wi th D e p t h

a f t e r B O R ( 1 9 9 7 a )

W L - G r o u n d w a t e r T a b l e

Base of
Roaster
F i n e s

Low
F l o w
WL

3 . 5 ' W R O ( 1 9 )
D e p t h

5 . 5 ' W R O ( 1 3 ) 1 0 . 5 ' W R O ( 1 5 )
s a m p l e l o c a t i o n s

1 5 . 5 ' W R O ( 2 4 )

F i g u r e 8-5c
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W E L L I N G T O N - O R OM I N E A N D M I L L 4 f T E

s c a l e l " = 250' L O C A T I O N M A P F O R H E A T P U L S EF L O W M E T E R W E L L S L O W F L O WC O N D I T I O N S , J A N U A R Y 1997
F i g u r e 8-7


